Hodoscopes are used to measure the momentum of individual particles of the high intensity CERN SPS Muonbeam. They are read out through the fast Sparse-DataScan System described below which can be shared among several users.
Introduction
The secondary Muon-beam ) of the CERN-SPS (SuperProton-Synchrotron) has been equipped with a spectrometer to provide a facility for momentum measurement of individual beam particles. (Fig. 1) Due to the high fluxes, up to 109 particles per second, and the required accuracy of 1 % for the momentum measurement, four hodoscopes with 64 channels each are used to determine the particle coordinates at different locations.
Also, standard coincidence circuits with a time resolution of a few nanoseconds have therefore to be replaced or complemented by time-discrimination circuits with a resolution better than 100 ps to eliminate ambiguities in the reconstruction of particle trajectories.
Apart from the attention brought to the photomultiplier-electronics2) much effort has been put into the design of the system to read out the spectrometer information with the following requirements in mind: having generated a LAM request (180 ns/word).
Dataformat and datapacking
The requirement to stay within 16 bits per word and the horizontal scanning scheme led to the format illustrated in Fig. 2 .
Several users may share a common system as long as Bit 15 is used to distinguish between Marker and interference among the various users remains negligible. Datawords.
If N is the access rate of each user, t the deadtime of the system and m the number of users, then the efficiency loss due to the sharing of the system is N (m -1) t .
(1) To obtain the required accuracy for the time discrimination (< 100 ps) we decided to use CAMAC Time-to-digital converters (TDC's), which are commercially available as *) CERN, 1211 Geneva 23, Switzerland
One datablock is packed with the first Markerword at the beginning followed by the Datawords at the indicated subaddress of the specified crate, or if none (no LAM at the indicated subaddress), by the next Markerword. The endmarker -the last word of the block -contains the total number of words transmitted.
System configuration
As shown in Fig. 3 , one controller "HOREC" (SC) has been provided to scan one "TDC-segment". Because of the data structure the different segments are vertically branched. This also offers the possibility to read out only part of the system. "Monitor" and "Buffer-Memories" are the units necessary for the sharing of the SDS-system among several users.
To access the spectrometer data through the SDSsystem the physicist sends a request to the "Monitor". This request, when it has been accepted, is used to start the TDC's and to trigger, after the conversion delay, the readout sequence. The data are transmitted via a parallel link into the "Buffer-Memory" assigned to the requesting user and "prewarned" by the "Monitor". This fast Buffer-Memory (1 k x 16 bits words) is normally located in the user's CAMAC crate where it can be read directly through a standard CAMAC controller.
Conclusions
Up to now three users are reading out through the described system four hodoscopes*) with 64 channels each with satisfactory performcnce.
A standard CAMAC system in block mode with Direct Memory Access could read out 4 x 64 channels in approximately 250 ps, but would still leave the problem of sorting valid data.
Working in interleave mode with interrupts the time to read the 20 valid datawords (5 hits per hodoscope) would still be of the order of 320 is (10 ps per interrupt plus 2 dataway cycles of 3 ps each) but would solve the sorting problem.
Using the SDS system the readout time is reduced to about 13 ps. 
